In humans and other mammals, environmental sensing, extracellular matrix, and signaling pathways can affect body size. Many of these modes of body size regulation are conserved in the small free-living nematode C. elegans. One of the critical factors affecting body size is the bone morphogenetic protein (BMP) pathway, which is a family of signaling molecules that is widely conserved [1] . In mammals, BMP pathway signaling is important for the growth and homeostasis of extracellular matrix, including basement membrane remodeling, and long bone growth. In C. elegans, BMP signaling regulates body size development and drug response via unknown physiological mechanisms. Our lab and others have shown animals with decreased BMP signaling (bmp(-)) have a short body length, while animals overproducing BMP ((bmp(++)) are long [2] . Large-scale gene expression studies have shown that BMP pathway signalling regulates a multitude of genes involved in body size determination [3] [4] . Further, the nematode cuticle, which is an extracellular matrix that surrounds and protects the animal from its environment, can influence body shape [5] . Using both light and electron microscopy methods, we show that BMP regulates body length through organization and composition of the nematode cuticle, which may provide an explanation for both body size and drug response traits associated with this signaling pathway.
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The nematode cuticle is patterned by circumferential rings called annuli. Using a vital lipophilic dye, we stained the cuticle of animals with varied BMP dose and found that BMP affects cuticle shape. Animals with decreased BMP signaling (bmp(-)) have a decreased annular width, while long animals with increased BMP signaling (bmp(++)) have an increased annular width, proportional to their total body length (Fig. 1) . These results indicate that BMP signaling affects the shape of the cuticle, where small bmp(-) animals possess a condensed cuticle and bmp(++) animals exhibit an expanded cuticle.
We also examined the cuticle organization and composition using TEM. Because the cuticle is an extremely tough and complex barrier consisting of multiple layers that differ in both composition and organization, we optimized sample preparation in a few ways. First, we used a microwave processor, increasing the rate of molecular diffusion along the entire animal and thus eliminating any need for cuticle cutting during specimen preparation. Next, we stained the animals with malachite green, which acts to further differentiate the cuticular layers and preserve lipids that are normally stripped during dehydration [6] . Finally, we customized the resin formulation to maintain a lower viscosity while matching the significant hardness of the specimens. We found that malachite green stains and binds to lipids on the outermost layer of the cuticle. We observed the deposition of these lipids to be dependent on the dose of BMP, where animals lacking BMP signaling displayed a severely depleted lipid layer and animals with overexpressed BMP signaling had an increased lipid layer as compared to wild type (Fig. 2 ). We also found bmp(-) animals displayed a strikingly dense medial layer compared to wild-type or bmp(++) animals, indicating BMP signaling level affects the composition of the medial layer (Fig. 2) . Finally, we discovered that BMP signaling can alter the organization of the basal layer, as the top-most basal layer of oriented collagens is less structured in some bmp(++) animals (Fig. 2) . These results reveal a role for BMP signaling in both the organization and composition of the cuticle. We propose that alteration of the cuticle through BMP pathway signaling underlies both body length and drug response phenotypes. Furthermore, we show a conserved function for the BMP family in regulation of extracellular matrix [7] .
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